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(54) Hollow molded article container and method for producing the same 



(57) The present invention provides a hollow 
molded article container of a liquid polyester resin com- 
position which is superior in moldability, heat resistance, 
gas barrier properties and gasoline barrier properties. 
The liquid polyester resin composition comprises a liq- 
uid crystal polyester as a component (A) and an epoxy 
group-containing ethylene copolymer of 50.0 through 
99.9% by weight of an ethylene unit (a), 0.1 through 
30.0% by weight of an unsaturated carboxylic acid gly- 
cidyl ester unit or unsaturated glycidyl ether unit (b) and 
0 through 49.9 % by weight of an ethylenically unsatu- 
rated ester unit (c) as a component (B), wherein the 
component (A) is 56.0 through 99.0% by weight and the 
component (B) is 44.0 through 1 .0% by weight. The 
invention also provides a hollow molded article con- 
tainer composed of a laminated structure comprising a 
layer of the liquid crystal polyester resin composition 
above and a layer of a thermoplastic resin. 
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Description 

The present invention relates to a hollow molded article container having good moldability as well as excellent heat 
resistance and gas barrier properties, and a method for producing the same. 
5 A hollow molded article container of a resin, which is lightweight and has gas barrier properties, has recently been 

used for applications such as foods, beverages, industrial drugs, cosmetics, etc. For example, hollow molded article 
containers of ethylene-vinyl alcohol copolymer, vinylidene chloride, polyethylene terephthalate. etc. have been known. 

However, hollow molded article containers obtained by blow molding these resins were not sufficient in heat resist- 
ance and gas barrier properties. In case that contents are charged in the container at elevated temperature or the con- 
10 tainer is washed with liquid of elevated temperature, the container of these resins is sometimes insufficient in heat 
resistance. 

Unlike a crystalline polyester such as polyethylene terephthalate, polybutyrene terephthalate. etc., the liquid crystal 
polyester causes no entanglement in a molten state because of rigid-rod molecular shape, and shows such a behavior 
that a polydomain having a liquid crystal state under adequate temperature is formed and a molecular chain is oriented 
IS in a flow direction due to a low shear action. Therefore, it is normally referred to as a melting type liquid crystal (thermo- 
tropic liquid crystal) polymer. 

It has hitherto been known that the liquid crystal polyester has a heat resistance and shows excellent gas barrier 
properties. However, the liquid crystal has a large anisotropy and a low melt viscosity and, therefore, it is extremely dif- 
ficult to obtain a good hollow molded article container of the liquid crystal polyester due to blow molding. 
so Regarding a molded article container of the liquid crystal polyester or liquid crystal polyester resin composition, for 
example, a hollow molded article obtained by melt molding a resin composition comprising a liquid crystal polyester and 
a polyester having a specific structure is described in JP-A-61 -192762. 

In JP-A-2-263646 and JP-A-3-269D54, a container having excellent gas barrier properties obtained by molding a 
blend of polyethylene terephthalate and a liquid crystal polyester is described. 
25 In J P-A- 1-289826, a molded article of a laminate comprising a polyethylene terephthalate layer and a liquid crystal 

polyester layer is described. In JP-A-4-166320. a method for producing a container of a liquid crystal polyester having 
a specific structure is described. 

However, in any case, there are problems such as difficulty in producing a molded article container having an excel- 
lent appearance, low productivity, insufficient gas bamer properties of the container, etc. Therefore, requirements of the 
30 market are still to be satisfied. 

In the field of the automobile industry, a gasoline tank made of plastic has recently been requested by the market 
in view of lightweight properties, moldability. strength, design freedom, etc, and it had been studied for years. 

For example, polyethylene is superior in moldability. strength, etc., but is insufficient in gasoline barrier properties. 

In JP-B-1 -14049. a fuel tank of a multi-layer hollow molded article comprising a barrier layer of a material selected 
35 from polyamide, polyester and ethylene-vinyl acetate copolymer and a modified polyolefin layer is described. 

In JP-A-4-47938, a fuel tank of a multi-layer hollow molded article comprising a polyamide layer, a high-density pol- 
yethylene layer and a modified high-density polyethylene layer is described. 

However, these fuel tanl^ comprising the polyamide layer as the barrier layer are insufficient in gas barrier proper- 
ties, and barrier properties to an alcohol-mixed fuel such as methanol-mixed fuel are further insufficient. 
40 In JP-A-6-191296. an automobile fuel tank of a hollow molded article having a multi-layer structure comprising a 
copolymerized polyamide layer (of aromatic polyamide and nylon 6) as the barrier layer, a modified high-density poly- 
ethylene layer and a high-density polyethylene layer is described. 

JP-A-6-218891 discloses a fuel tank of a multi-layer molded article comprising a barrier layer of a blend of polyeth- 
ylene and polyamide. 

45 In JP-A-7-52333, a fuel tank of a multi-layer structure comprising a layer of a resin composition of a thermoplastic 

resin and an ethylene-vinyl alcohol copolymer is described. In JP-A-7-40998. a flame retardant foamed plastic is 
described. 

However, these fuel tanks were also insufficient in gasoline barrier properties or so-called barrier properties to gas 
hole, which is a mixture of gasoline and methanol, i.e. gas hole barrier properties. Furthermore, it was necessary to 
so make a thickness of a resin layer extremely large so as to maintain high barrier properties. 

Since the tank is a multi-layer structure, various problems such as interiayer peeling has still to be solved. 
An object of the present invention is to provide a hollow molded article container of a liquid polyester resin compo- 
sition, which is superior in moldability, heat resistance, gas barrier properties and gasoline barrier properties, and a 
method for producing the same. 
55 That is, the present invention comprises the following inventions. 

[1] A hollow molded article container of a liquid aystal polyester resin composition comprising a liquid crystal pol- 
yester as a component (A) and an epoxy group-containing ethylene copolymer of 50.0 through 99.9% by weight of 
an ethylene unit (a). 0.1 through 30.0% by weight of an unsaturated carboxylic acid glycidyl ester unit or unsatu- 
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rated glycidyl ether unit (b) and 0 through 49.9 % by weight of an ethylenically unsaturated ester unit (c) as a com- 
ponent (B). wherein the component (A) is 56.0 through 99.0% by weight and the component (B) is 44.0 through 
1.0% by weight. 

[2] The hollow molded article container according to item [1], wherein the liquid crystal polyester as the component 
(A) is obtained by reacting an aromatic dicarboxylic acid, an aromatic diol and an aromatic hydroxycarboxylic acid. 

[3] The hollow molded article container according to item [1]. wherein the liquid crystal polyester as the component 
(A) is obtained by reacting a combination of different aromatic hydroxycarboxylic acids. 

[4] The hollow molded article container according to any of items [1J to [3], wherein the liquid crystal polyester as 
the component (A) contains the following repeating unit: 




O 



[5] The hollow molded article container according to any of items [1] to [3], wherein the liquid crystal polyester as 
the component (A) comprises the following repeating units: 




L O O J 




O 



[6] The hollow molded article container according to any of items [1] to [3], wherein the liquid crystal polyester as 
the component (A) comprises the following repeating units: 
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[7] The hollow molded article container according to any of items [1] to [3], wherein the liquid crystal polyester as 
the component (A) comprises the following repeating units: 
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[8] The hollow molded article container according to any of items [1] to [7], wherein the the epoxy group-containing 
ethylene copolymer as the component (B) has a stiffness within the range from 10 to 1300 kg/cm^. 

[9] A hollow molded article container composed of a laminated structure comprising a layer of the liquid crystal pol- 
yester resin composition described in item [1] and a layer of a thermoplastic resin. 

[10] The hollow molded article container according to Item [9], wherein the thermoplastic resin is at least one sort 
of a thermoplastic resin selected from polyolefin, polyester and polyamide. 

[11] The hollow molded article container according to item [9] wherein the thermoplastic resin is a high-density pol- 
yethylene. 

[12] A method for producing the hollow molded article container of any of items [1] to [1 1], which comprises produc- 
ing by blow molding. 

The present invention is described in more detail in the followings. 

The liquid crystal polyester as the component (A) in the liquid crystal polyester resin composition used in the 
present invention Is a polyester called thermotropic liquid crystal polymer. 
Specif ically, said polyester includes: 

(1) one produced from a combination of an aromatic dicarboxylic acid, an aromatic diol and an aromatic hydroxy- 
carboxylic acid, 



(2) one produced from a combination of different kinds of aromatic hydroxycarboxylic adds. 
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(3) one produced from a combination of an aromatic dicarboxylic acid and a nucleus substituted aromatic diol. and 

(4) one obtainable by the reaction of a polyester such as polyethylene terephthalate or the like and an aromatic 
hydroxycarboxylic acid, all forming an isotropic melt at a temperature of 400**C or below. The aromatic dicarboxylic 
acid, the aromatic diol. and the aromatic hydroxycarboxylic acid may be replaced by ester derivatives thereof. 
Exemplified repeating units of the liquid crystal polyester are given below although the liquid crystal polyester is not 
limited to these structures. 

Repeating units originating from aromatic dicarboxylic acids: 
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Repeating units originating from aromatic diols: 
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Repeating units originating from aromatic hydroxycarboxylic acids: 
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(X * : halogen, aJkyI ) 



35 Particularly preferred liquid crystal polyesters because of well-balanced heat resistance, mechanical properties 
and processibilities have the following repeating unit: 
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and more specifically a combination I to V of repeating units 
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The liquid crystal polyesters (I), (II). (Ill) and (IV) are described, for example, in JP-B-47-47870. JP-B-63-3888, JP- 
B-63-3891, JP-B-56-18016 and others. Preferred combinations of units are combinations (I) and (II). 

For application of the laminate according to the invention to fields in which a higher heat resistance Is required, the 
liquid crystal polyester of component (A) in the liquid crystal polyester resin composition preferably includes 30 through 
80 % by mole of a repeating unit (a'). 0 through 10 % by mole of a repeating unit (b'). 10 through 25 % by mole of a 
repeating unit (c'), and 10 through 35 % by mole of a repeating unit (d'): 



so 
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wherein Ar represents a divalent aromatic group. 

The inherent viscosity (rjinh) of the liquid crystal polyester in the present invention is measured at 60**C using an 
Ubbelohde viscometer after dissolving the liquid crystal polyester (0.1 g) in 2,3,5.6-tetrafluorophenol (10 cc). 

The inherent viscosity (riinh) of the liquid crystal polyester in the present invention is preferably from 1.0 to 8.0. 
more preferably from 2.0 to 6.0. 

When the inherent viscosity (ninh) of the liquid crystal polyester is not within the above range, the moldability of the 
resulting composition is inferior and mechanical strength and heat resistance thereof are insufficient, sometimes, and 
It is not preferred. 

In the present invention. It Is preferable to use an epoxy group-containing ethylene copolymer as the component 
(B) in the liquid crystal polyester resin composition. The epoxy group-containing ethylene copolymer refers to an epoxy 
group-containing ethylene copolymer comprising: (a) 50 through 99.9 % by weight, preferably 60 through 99 % by 
weight, of an ethylene unit; (b) 0.1 through 30 % by weight, preferably 0.5 through 25 % by weight, of a glycidyl (unsatu- 
rated) carboxylate unit or an unsaturated glycidyl ether unit; and (c) 0 through 49.9 % by weight, preferably 0.5 through 
40 % by weight, of an ethylenically unsaturated ester compound unit. 

Compounds capable of providing the glycidyl (unsaturated) carboxylate unit and the unsaturated glycidyl ether unit 
(b) in the epoxy group-containing ethylene copolymer (B) are represented by the following formulae: 

R— C — O — CHo— CH— CHn 

o o 

wherein R represents a hydrocarbon group having an ethylenically unsaturated bond and containing 2 through 13 car- 
bon atoms. 



so 



R— X-CHo— CH— CH2 



55 

wherein R represents a hydrocarbon group having an ethylenically unsaturated bond and containing 2 to 1 8 carbon 
atoms and X denotes -CH2-O- or a group: 
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Specific examples include glyddyl acrylale. glycidyl methacrylate. glycldyl itaconate. allyl glycidyl ether, 2-methyl- 
10 allyl glycidyl ether, styrene-p-glyddyl ether and the like. 

The epoxy group-containing ethylene copolymer referred to in the present invention may be a terpolymer or multi- 
unit copolymers containing ethylene, glycidyl (unsaturated) carboxylate or unsaturated glycidyl ether, and ethylenically 
unsaturated ester compound (c). 

Examples of ethylenically unsaturated ester compounds (c) indude vinyl carboxylates and alkyi a, p-unsaturated 
IS carboxylates. such as vinyl acetate and vinyl propionate, methyl acrylate, ethyl acrylate. butyl acrylate. methyl methacr- 
ylate. ethyl methacrylate, and butyl methacrylate. Vinyl acetate, methyl acrylate, and ethyl acrylate are particularly pre- 
ferred. 

Examples of the epoxy group-containing ethylene copolymers (B) used in the present invention include a copoly- 
mer comprising ethylene units and glycidyl methacrylate units, a copolymer comprising ethylene units, glycidyl meth- 
20 acrylate units and methyl acrylate units, a copolymer comprising ethylene units, glycidyl methacrylate units and ethyl 
acrylate units, a copolymer comprising ethylene units, glycidyl methacrylate units and vinyl acetate units, and the like. 

The melt index (hereinafter may be referred to as MFR: measured at 190°C under a load of 2.16 kg in conformity 
with JIS K6760) of the epoxy group-containing ethylene copolymer (B) is preferably in a range of 0.5 through 100 g/10 
minutes and more preferably in a range of 2 through 50 g/10 minutes. The melt index outside the range is allowable but 
25 an index greater than 100 g/10 minutes may result in poor mechanical properties of the resulting resin composition 
while that less than 0.5 g/1 0 minutes may lower the compatibility with the liquid crystal polyester of component (A) and 
therefore both cases are not preferred. 

The epoxy group-containing ethylene copolymer (B) preferably has a stiffness modulus in a range of 10 through 
1300 kg/cm^ and more preferably in a range of 20 through 1 100 kg/cm^. The stiffness modulus out of the above range 
30 is not prefen-ed because It may result in insufficient moldability and mechanical properties of the resulting resin compo- 
sition. 

The epoxy group-containing ethylene copolymer (B) is prepared by copolymerizing an unsaturated epoxy com- 
pound and ethylene in the presence of a radical polymerization initiator at 500 through 4000 atm and 100 through 
300°C in the presence or absence of an appropriate solvent and a chain transfer agent. Alternatively, it may be pro- 
35 duced by mixing polyethylene with an unsaturated epoxy compound and radical polymerization initiator and then melt- 
graft-copolymerizing in an extruder. 

As regards the ratio of the component (A) to the component (B) induded in the liquid crystal polyester resin com- 
position of the invention, the content of the component (A) is 56.0 through 99.0 % by weight, preferably 65.0 through 
99.0 % by weight and more preferably 70.0 through 98.0 % by weight while the content of the component (B) is within 
40 a range of 44.0 through 1 .0 % by weight, preferably 35.0 through 1 .0 % by weight and more preferably 30.0 through 2.0 
% by weight. A content of the component (A) of less than 56.0 % by weight may deteriorate the moldability and may 
lower the gas-barrier properties and the tensile strength of the composition. The same greater than 99.0 % by weight 
may not sufficiently Improve anisotropy in the tensile strength of the composition. 

The liquid crystal polyester resin composition used in the invention may be manufactured by any known method 
45 without particular limitation. For example, the component dissolved in a solvent are mixed and recovered by evaporation 
of the solvent or precipitation. An industrially preferable method is to knead the components In the molten state. Known 
kneading apparatus including single screw extruders, twin-screw extruders, and various kneaders are applicable to the 
melt-kneading process. Especially, biaxial high-speed kneaders are preferably applied. 

For the kneading process, the temperature in the cylinders of the kneading machine is set preferably in a range of 
so 200 through 360°C and more preferably In a range of 230 through 340**C. 

Each component may be pre-mixed to the honnogeneous state with a tumbling mixer or Henschel mixer. However, 
the components may be separately introduced quantitatively into a kneader without pre-mixing. 

The kneaded composition can be molded by various kinds of film-molding processes. Alternatively, the resin com- 
position of the present invention may be prepared by kneading In the course of melt-processing for molding of a dry- 
55 blend, without pre-kneading, in order to give a molded product directly 

An inorganic filler may be added, if desired, to the liquid crystal polyester resin composition used in the Invention. 
Examples of the applicable inorganic filler include talc, day, fillers for intercalation such as montmorillonite and the like. 

Various additives may also be added to the liquid crystal polyester resin composition used In the present invention, 
if desired, in the preparation process or the subsequent processing process. Such additives Include organic fillers, anti- 
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oxidants, heat stabilizers, light stabilisers, flame retardants, lubricants, antistatic agents. Inorganic or organic colorants, 
rust preventives, crosslinking agents, foaming agents, fluorescent agents, surface smoothing agents, surface gloss 
improvers and mold release agents such as f luoropolymers. 

The hollow molded article composed of a laminated structure comprising a liquid crystal polyester resin composi- 
tion layer and a thermoplastic resin layer of the present invention is suitable for a container for fuel. 

As the thermoplastic resin, there can be used any thermoplastic polymer except liquid crystalline polyesters and 
their resin compositions. There can be preferably used at least one sort of a thermoplastic resin selected from polyole- 
f in, polyester and polyamide. 

As the polyolef in. there can be used a homopolymer or a copolymer of olefines having 2 to 20 carbon atoms. Exam- 
ples of the olefin and diolefin Include ethylene, propylene, butene-1, perrtene-1, hexene-1, heptene-1. octene-1, non- 
ene-1, decene-l, hexadecene-l , elcosene-1, 4-methylpentene-l . 5-methyl-2-pentene-l , etc. Examples of the 
polyolef in include low-density polyethylene, high-density polyethylene, polypropylene, poly-1 -butene, poly-4-methyl- 
pentene-1, ethylene/butene-1 copolymer, ethylene/4-methylpentene-1 copolymer, ethylene/hexene-l copolymer, pro- 
pylene/ethylene copolymer, propylene/butene-1 copolymer, etc. 

Examples of the polyester include polycondensate of divalent carboxylic acid and divalent alcohol'. In that case, it 
is preferably polycondensate of aromatic dicarboxylic acid and alkylene glycol. Example of the polyester include poly- 
ethylene terephthalate. polybutylene terephthalate, etc. 

Examples of the polyamide include polycondensate of divalent carboxylic acid and divalent amine, polycondensate 
of aminocarboxylic acid. etc. Specific examples of the polyamide include polyamide 6, polyamide 12. polyamide 11. 
polyamide 6-6, polyamide 6-12. polyamide MXD6, etc. 

Among these thermoplastic resins, polyolefin is preferred, and a high-density polyethylene having a density of 
0.940 to 0.980 and an intrinsic viscosity of 2 to 7 dl/g is more preferred. 

The laminated structure constituting the hollow molded article container of the present invention is a laminate 
obtained by the above method, comprising at least two sorts of layers, i.e. liquid crystal polyester resin composition 
layer and thermoplastic resin layer. In addition to this two-layer structure, a three-layer structure wherein thermoplastic 
resin layers are laminated on both sides of the liquid crystal polyester resin composition layer and a five-layer structure 
wherein liquid crystal polyester resin composition layers and thermoplastic resin layers are laminated alternatively can 
also be used. Furthermore, a laminate comprising layers other than the above liquid crystal polyester resin composition 
or thermoplastic resin layer can also be used. 

Next, a method for producing the hollow molded article container of the liquid crystal polyester resin composition of 
the present invention will be explained. 

As the method for producing the hollow molded article of the present invention, there is a blow molding method. 
Examples thereof include extrusion blow molding method (direct blow molding method) comprising blow molding the 
melt-extruded pipe, i.e. parison before the parison is cooled, injection blow molding method comprising injection mold- 
ing a parison and blow molding the parison. stretching blow molding method comprising stretching at the time of the 
blow molding, etc. 

In the blow molding method, the hollow molded article container composed of the laminated structure of the 
present invention can be obtained by a multi-layer blow method comprising extruding resins of the respective layers in 
a molten state into the same die having the same circular flow path, laminating the respective layers in the die to form 
a parison, expanding the parison by a gas pressure and making the mold and parison come closely Into contact. 

The liquid crystal polyester resin layer and thermoplastic resin layer, which constitute the laminated structure of the 
present Invention, have good adhesive properties and a sufficient adhesive strength can be obtained by hot bonding at 
the time of the blow molding and, therefore, an adhesive layer Is not required between the respective layers. Accord- 
ingly, the production process of the laminated structure can be simplified in comparison with a conventional multi-layer 
blow method. 

The cylinder set temperature and die set temperature in the blow molding method is preferably within the range 
from 200 to 360°C, more preferably from 230 to 350°C. 

The gas blown into the interior of the parison at the time of the blow molding is not specifically limited, and air is 
preferably used. 

The following Examples and Comparative Examples further illustrate the present invention in detail but are not to 
be construed to limit the scope thereof. 

(1) Liquid crystal polyester of component (A) 

(i) p-Acetoxybenzoic acid (10.8 kg. 60 mol). terephthalic acid (2.49 kg, 15 mol). isophthalic acid (0.83 kg. 5 mol) 
and 4,4'-dlacetoxydiphenyl (5.45 kg. 20.2 mol) were charged in a polymerization tank equipped with a comb-type 
stirring blade, and the mixture was polymerized by heating to 330*^0 with stirring under a nitrogen gas atmosphere 
for one hour. The mixture was further polymerized with stirring vigorously while liquefying an acetic acid gas formed 
as a by-product in the reaction in a cooling tube, followed by recovering and further removing. Then, the system 
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was cooled gradually and the polymer obtained at 200''C was removed from the system. The resulting polymer was 
pulverized using a hammer mill manufactured by Hosokawa Micron Co., Ltd. to form particles having a particle size 
of not more than 2.5 mm, The resulting particles were further treated in a rotary kiln under a nitrogen gas atmos- 
phere at 280°C for 3 hours to obtain a particulate whole aromatic polyester having the following repeating unit (flow 
temperature: 324*C). The liquid crystal polyester is abbreviated to "A-1 hereinafter. This polymer showed an opti- 
cal anisotropy under pressure at not less than 340*^0. The intrinsic viscosity (riinh) measured at 60°C using an 
Ubbelohde viscometer after dissolving A-1 (0.1 g) in 2.3,5,6-tetrafluorophenol (10 cc) was 2.5. The repeating units 
of the liquid crystal polyester A-1 are as follows. 




= 60 :15 :5 :20 



(ii) p-Hydroxybenzoic acid (16.6 kg. 12.1 mol). 6-hydroxy-2-naphthoic acid (8.4 kg, 4.5 mol) and acetic anhydride 
(18.6 kg, 18.2 mol) were charged in a polymerization tank equipped with a comb-type stirring blade, and the mix- 
ture was polymerized by heating to 320°C with stirring under a nitrogen gas atmosphere for one hour and then 
polymerized under reduced pressure of 2.0 torr at 320''C for one hour. An acetic acid formed as a by-product in the 
reaction was continuously distilled off. Then, the system was cooled gradually and the polymer obtained at 180**C 
was removed from the system. 

The resulting polymer was pulverized according to the same manner as that described in the above item (i) and 
the resulting particles were treated in a rotary kiln under a nitrogen gas atmosphere at 240*^0 for 5 hours to obtain 
a particulate whole aromatic polyester having the following repeating unit (flow temperature: 270°C). The liquid 
crystal polyester is abbreviated to "A-2", hereinafter. This polymer showed an optical anisotropy under pressure at 
not less than 280"C. The intrinsic viscosity (ninh) was 5.1. 
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The ratio of the repeating units of the liquid crystal polyester A-2 is as follows. 
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(iii) A mixture of polyethylene terephthalate having a logarithmic viscosity of 0.60 (0.691 kg, 3.6 mol) and p-hydroxy- 
benzoic acid (0.972 kg, 5.4 mol) were charged in a 5L flask equipped with a stin'ing blade, a distillation tube and a 
nitrogen gas inlet. After vacuuming and nitrogen gas-purging were repeated three times, the flask was kept at 
275°C and acetic acid was distilled off for 60 minutes with stirring under nitrogen atmosphere. Stirring was contin- 
ued further for 4 hours at 275'*C under reduced pressure of 0.1 mmHg. and a liquid crystal polyester as the raw 
material was obtained. 

This polymer showed an optical anisotropy under pressure at not less than 200**C. The liquid crystal polyester is 
abbreviated to "A-3". The ratio of the repeating units of the liquid crystal polyester A-3 is as follows. 




(2) Epoxy group-containing ethylene copolymer of component (B) 

45 The abbreviation, composition (weight ratio), melt flow index (MFR) and stiffness of the copolymer obtained by a 

high-pressure radical polymerization method are as follows. 

The NMR (unit: g/10 minutes) is a value measured at 0°C under a load of 2.16 kg according to J IS K6760. The stiff- 
ness is a value measured according to ASTM D7474. 

so b-1 (abbreviation): Bondfast 20B (manufactured by Sumitomo Chemical Co.. Ltd.) 

E/GMAA/A = 83:12:5 (weight ratio) MFR = 20. stiffness = 430 kg/cm^ 

b-2 (abbreviation): Bondfast 7L (manufactured by Sumitomo Chemical Co., Ltd.) 
E/GMA/MA = 67:3:30 (weight ratio) MFR = 9. stiffness = 60 kg/cm^ 



55 



b-3 (abbreviation): Bondfast 7A (manufactured by Sumitomo Chemical Co., Ltd.) 

E/GMAA/A = 89:3:8 (weight ratio) MFR = 7. stiffness = 600 kg/cm^ (E. GMA, MA and VA respectively indi- 
cate ethylene, glycidyl methacrylate, methyl acrylate and vinyl acetate.) 
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(3) Measurement of physical properties 
Oxygen permeability: 

5 The oxygen permeation amount of a 1 000 cc bottle was determined under the condition of 23°C and 0% RH using 

model OXTRAN-100 manufactured by Modern Control Co. 

Shrinkage % of bottle: 

10 The shrinkage % of a bottle was determined by calculating according to the formula: (V1 - V2)/V1 x 100% 
wherein VI is an internal volume of the bottle before charging hot water and V2 is an internal volume of the bottle whose 
temperature is returned to room temperature after charging hot water at 95"C in the bottle and removing hot water. 

Gasoline permeability and gas hole permeability: 

75 

Gasoline (5 cc) (regular gasoline Zeas (trade name), manufactured by Idemitsu Petroleum Co.. Ltd.) was charged 
in a cup and the gasoline permeability was measured under the condition of 23**C and a humidity off 60 % according to 
J IS Z0208. In addition, the above gasoline (4 cc) and methanol (1 cc) were charged in a cup and the gas hole perme- 
ability was measured according to the same manner as that described above. 

20 

Drop resistance: 

The resulting molded article contained was filled with water and dropped from a height of 16 m. and then the 
appearance of the container was visually observed. The criterion is as follows. 

25 

O • A cracking is observed on the container. 

X: No cracking is formed on the container. 

30 Example 1 and Comparative Examples 1 to 2 

The components of the composition shown in Table 1 and a stabilizer are mixed using a Henschel mixer, and then 
molten and kneaded at 348'*C and 210 rpm using a twin-screw extruder having a screw diameter of 30 mm, model TEX- 
30 (manufactured by Nihon Seiko Co., Ltd) to obtain liquid crystal polyester resin composition pellets. 
35 Then, the composition pellets were subjected to extrusion blow molding under the condition of a screw diameter of 
50 mm. a screw revolution of 30 rpm, a die diameter of 25.5 mm, a nozzle diameter of 22 mm. a cylinder set tempera- 
ture of 350°C. a die temperature of 352*'C. an air bubbling pressure of 1.8 kg/cm^. a cycle time of 15 seconds and a 
cooling time of 12 seconds to mold into a round bottle having a container inlet diameter of 30 mm, a height of 280 mm 
and a volume of 1000 cc. 

40 The physical properties of the resulting bottle were measured. The results are shown in Table 1 . 
Comparative Example 3 

According to the same manner as that described in Example 1 except for setting the temperatures of the cylinder, 
45 the extruder and the die at 290*'C. a bottle was molded and physical properties thereof were measured. The results are 
shown in Table 1 . 

Examples 2 and 3 and Comparative Example 4 

so According to the same manner as that described in Example 1 except for using the components of the composition 
shown in Table 1 and changing the cylinder set temperature of model TEX-30. cylinder set temperature of a blow mold- 
ing machine and die temperature to 285**C. 290*0 and 290°C, respectively a bottle was molded and physical properties 
thereof were measured. 
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The results are shown in Table 1 . 



<Table 1 ) 





Composition (% by weight) 


Physical properties 




Comnonenl 
(A) 


ComDonent 
(B) 


Other comoonent 


{cc/bottle • day • atm 


Shrinkage of 

bottle 


Example 1 


A-1 82 


b-1 18 


0 


0.02 


~ 0'^ 


Comparative 
Example 1 


A-1 100 


0 


0 


Impossible of molding 


Impossible of 
molding 


Comparative 
Example 2 


A-1 82 


0 


18*^ 


Impossible of molding 


Impossible of 
molding 


Comparative 
Example 3 


0 


0 


100*2 


3.9 


16 


Example 2 


A-2 96 


b-2 4 


0 


0.01 


~ 0*^ 


Example 3 


A-2 67 


b'2 33 


0 . 


0.07 


0.8. 


Comparative 
Example 4 


A-2 1 00 


0 


0 


Impossible of molding 


Impossible of 
molding 



*1 : Low-density polyethylene manufactured by Sumitomo Chemical Industries Co., Ltd, trade name: Sumikasen G806 
(stiHness: 1300 kg/cm^) 



25 *2: Polyethylene lerephthalate (inherent viscosity: 0.5) 

*3: less than limit of detection 



30 

(3) Liquid polyester resin composition 

The respective components of the composition shown in Table 2 were mixed, and then molten and kneaded at a 
cylinder set temperature of 345"C for SG-1 , 290*C for SG-2, 215**C for SG-3 and SG-4, using a twin-screw extruder, 
35 Model TEX-30 (manufactured by Nihon Seiko Co., Ltd.) to obtain pellets of a resin composition. 



(Table 2 > 





Composition 


Set temperature of 
(*»C) the cylinder 




Component (A) 


% by weight 


Component (B) 


% by weight 




SG-1 


A-1 


77 


b-3 


23 


345 


SG-2 


A-2 


87 


b-2 


13 


290 


SG-3 


A-3 


91 


b-2 


9 


215 


SG-4 


A-3 


91 


M 


9 


215 



*1 : Low-density polyethylene manufactured by Sumitomo Chemical Industries Co., Ltd. 



Example 4 

A polyamide manufactured by Toyobo Co., Ltd (trade name: Nylon T224, Ml = 20g/10 minutes, specific gravity = 
1 .08) was molten in a single-screw extruder I for outer layer of molded article having a screw diameter of 50 mm under 
the condition of a revolution of 120 rpm and a cylinder set temperature of 280°C and a liquid crystal polyester resin com- 
position SG-1 was molten in a single-screw extruder II for inner layer of molded article having a screw diameter of 50 
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mm0 under the condition of a revolution of 35 rpm and a cylinder set temperature of 343°C, using a multi-layer direct 
blow device. 

Then, the resulting melts were allowed to flow into a die head from each extruder, separately, and joined in the inte- 
rior of the die at a die set temperature of 348°C. After the respective layers were laminated according to a multi-manifold 
5 method, the laminate was extruded into a mold from the die and then a rectangular bottle having an internal volume of 
2500 cc was obtained by a direct blow method of bubbling air. The construction and physical properties of this bottle 
container are as shown in Table 3. 

According to the same manner as described above except for using no single-screw extruder I, a rectangular bottle 
of a liquid crystal polyester resin composition was obtained. A test sample was cut off from this bottle, and then the 
10 gasoline permeability and gas hole permeability were measured. The results are shown in Table 3. 

Comparative Example 5 

According to the same manner as that described in Example 4 except for using a liquid crystal polyester A-1 in 
15 place of the liquid crystal polyester resin composition SG-1 , a trial of molding was made. As a result, a good bottle con- 
tainer was not obtained because of remarkable interlaminar peeling. 

Example 5 

20 A high-density polyethylene manufactured by Showa Denko Co., Ltd (trade name: Showlex 4551 H, MFR = 
0.05g/10 minutes, density = 0.945 g/cm^) was molten in a single-screw extruder I for outer layer of molded article having 
a screw diameter of 50 mm under the condition of a revolution of 120 rpm and a cylinder set temperature of 220**C and 
a liquid crystal polyester resin composition SG-2 was molten in a single-screw extruder II for inner layer of molded arti- 
cle having a screw diameter of 50 mm under the condition of a revolution of 35 rpm and a cylinder set temperature of 

25 287°C, using a multi-layer direct blow device. 

Then, the resulting melts were allowed to flow into a die head from each extruder, separately, and joined in the inte- 
rior of the die at a die set temperature of 290'*C. After the respective layers were laminated (according to a multi-mani- 
fold method), the laminate was extruded into a mold from the die and then a rectangular bottle having an internal 
volume of 2500 cc was obtained by a direct blow method of bubbling air. 

30 According to the same manner as described above except for using no single-screw extruder I. a rectangular bottle 
of a liquid crystal polyester resin composition was obtained. A test sample was cut off from this bottle, and then the 
gasoline permeability and gas hole permeability were measured. The results are shown in Table 3. 

Example 6 

35 

A high-density polyethylene manufactured by Showa Denko Co., Ltd (trade name: Showlex 4551 H, MFR = 
0.05g/1 0 minutes, density = 0.945 g/cm^) was molten in a single-screw extruder I for outer layer of molded article having 
a screw diameter of 50 mm under the condition of a revolution of 120 rpm and a cylinder set temperature of 190°C and 
a liquid crystal polyester resin composition SG-3 was molten in a single-screw extruder II for inner layer of molded arti- 
40 cle haying a screw diameter of 50 mm under the condition of a revolution of 35 rpm and a cylinder set temperature of 
206*'C, using a multi-layer direct blow device. 

Then, the resulting melts were allowed to flow into a die head from each extruder, separately, and joined in the inte- 
rior of the die at a die set temperature of 206*'C. After the respective layers were laminated (according to a multi-mani- 
fold method), the laminate was extruded into a mold from the die and then a rectangular bottle having an internal 
45 volume of 2500 cc was obtained by a direct blow method of bubbling air. 

According to the same manner as descrik>ed above except for using no single-screw extruder I, a rectangular bottle 
of a liquid crystal polyester resin composition was obtained. A test sample was cut off from this bottle, and then the 
gasoline permeability and gas hole permeability were measured. The results are shown in Table 3. 

so Comparative Exanple 6 

According to the same manner as that described in Example 4 except for using SG-4 in place of SG-3, a trial of 
molding a container was made. As a result, a good bottle container was not obtained because of remarkable interlam- 
inar peeling. 
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(Table 3 ) 





Composition 


Physical properties 




Liquid crystal polyester 
resin composition layer 


Thermoplastic resin layer 


Gasoline per- 
meability 


Gas hole per- 
meability 


Drop 
resistance 




Sample No. 


Thickness 
(pm) 


Resin 


Thickness 
(pm) 


(g/m^ • day • 
atm) 


{Q/rvP • day • 
atm) 




example 4 


SG-1 


46 


Nylon *1 


1500 


0.006 


0.008 


o 


Example 5 


SG-2 


28 


HDPE*2 


1050 


0.010 


0.011 


o 


Compara- 
tive Exam- 
ple 5 


A-1 




HOPE *2 




impossible of 
molding 


• 




Example 6 


SG-3 


55 


HOPE *2 


1600 


0.025 


0.031 


o 


Compara- 
tive Exam- 
ple 6 


SG-4 




HOPE *2 




impossible of 
molding 







*1 : Nylon T224 (trade name), manufactured by Toyobo Co., Ud. 

*2: High-density polyethylene Showlex 4551 H (trade name), manufactured by Shiowa Denko Co., Ltd. 



25 

The hollow molded article container of the present invention has good moldability as well as excellent heat resist- 
ance and gas barrier properties, and it can be widely used for applications such as foods, beverages, industrial drugs, 
cosmetics, etc. The hollow molded article container composed of the laminated structure of the present invention Is 
lightweight and has sufficient strength as well as gasoline ban-ier properties and gas hole barrier properties, and it can 
30 be used as a container for fuel. 

* 

Claims 

1 . A hollow molded article container of a liquid crystal polyester resin composition comprising a liquid crystal polyester 
35 as a component (A) and an epoxy group-containing ethylene copolymer of 50.0 through 99.9% by weight of an eth- 
ylene unit (a). 0.1 through 30.0% by weight of an unsaturated carboxylic acid glycidyl ester unit or unsaturated gly- 
cidyl ether unit (b) and 0 through 49.9 % by weight of an ethylenically unsaturated ester unit (c) as a component 
(B), wherein the component (A) Is 56.0 through 99.0% by weight and the component (B) is 44.0 through 1.0% by 
weight. 

40 

2. The hollow molded article container according to claim 1 . wherein the liquid crystal polyester as the component (A) 
is obtained by reacting an aromatic dicartx)xylic acid, an aromatic diol and an aromatic hydroxycarboxyllc acid. 

3. The hollow molded article container according to claim 1 , wherein the liquid crystal polyester as the component (A) 
45 Is obtained by reacting a combination of different aromatic hydroxycarboxyllc acids. 

4. The hollow molded article container according to any of claims 1 to 3, wherein the liquid crystal polyester as the 
component (A) contains the following repeating unit. 
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The hollow molded article container according to any of claims 1 to 3, wherein the liquid crystal polyester as the 
component (A) comprises the following repeating units: 




The hollow molded article container according to any of claims 1 to 3, wherein the liquid crystal polyester as the 
component (A) comprises the following repeating units: 




II 



O J 



The hollow molded article container according to any of claims 1 to 3. wherein the liquid crystal polyester as the 
component (A) comprises the following repeating units: 




O 



O-CH^CHo-O-C-ZfjVc — 
" " II II 

0 o 
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8. The hollow molded article container according to any of claims 1 to 7, wherein the epoxy group-containing ethylene 
copolymer as the component (B) has a stiffness within the range from 10 to 1300 kg/cm^. 

9. A hollow molded article container composed of a laminated structure comprising a layer of the liquid crystal poly- 
ester resin composition described in claim 1 and a layer of a thermoplastic resin, 

10. The hollow molded article container according to claim 9, wherein the thermoplastic resin is at least one sort of a 
thermoplastic resin selected from polyolefin. polyester and polyamide. 

1 1 . The hollow molded article container according to claim 9» wherein the thermoplastic resin is a high-density polyeth- 
ylene. 

12. A method for producing the hollow molded article container of any of claims 1 to 1 1 , which comprises producing by 
blow molding. 
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